blood flow through the right coronary artery was re-established. The patient experienced marked relief of the anginal pain in the post-operative period.
Mr Gordon Cruickshank (Leicester) said that at the Leicester Chest Unit the Beck I operation had been carried out on 32 patients. Four of these died in the first twelve hours after operation. There was no other hospital mortality. A follow-up study of these cases had been carried out, omitting patients operated on within the last six months. In all, 20 cases were followed up and assessment by the general practitioner accepted as being less biased than that of the surgeon or cardiologist. Five patients were well, working full time, having no pain and taking no drugs. Eleven were working part time, having much less pain and taking less drugs. Three were unimproved. One case was untraced.
The indication for operation in every case was intractable angina with unsatisfactory progress on medical treatment. The chief aim of the Beck I operation was to ration the distribution of blood within the heart muscle. It could not replace muscle which had been destroyed. No patient should be subjected to operation within six months of a coronary occlusion or even of a suspected one. It was important not to continue with operation if the patient's blood pressure fell below 100 on induction of anesthesia and did not rise again within the ensuing half-hour. It was equally important to maintain the blood pressure after operation, if necessary by the use of Methedrine.
He and his colleagues felt that this operation had something to offer, despite the numerous criticisms which had been levelled against it.
Mr G A Mason (Newcastle upon Tyne) also contributed a paper on Cardiac Ischemia.
II Intestinal Ischaemia
Mr A J Cokkinis (London) Mesenteric vascular occlusion does not always result in ischemia or infarction of the intestine. Embolic occlusion of branches of the superior mesenteric artery can occur without serious interference with the blood supply of the intestine as also can thrombosis of the mesenteric veins. In this discussion, however, we are concerned only with mesenteric vascular occlusion associated with intestinal ischkmia or infarction. Maingot states that up to 1955 some 700 cases of mesenteric vascular occlusion havebeen published. That I am responsible for about one-eighth of these (Cokkinis 1926 ) may be the reason why I have been asked to open this discussion.
Mesenteric vascular occlusion may be arterial or venous, or exceptionally both, thrombosis spreading from one to the other. It occurs mostly in patients who are already ill with a cardiac or vascular lesion. The presence of this causative lesion is of prime importance in that it should bring mesenteric vascular occlusion to mind when one is faced with an abdominal emergency of uncertain origin. Furthermore it helps us to distinguish between arterial and venous occlusion, which may otherwise be difficult or impossible, even after examining a resected specimen. This difficulty is doubtless responsible for the discrepancy in published figures of the relative frequency of these two forms of vascular occlusion. Both are almost confined to the superior mesenteric vessels, inferior mesenteric occlusion with infarction being extremely rare.
Arterial Occlusion
Arterial occlusion is either an embolism followed by secondary thrombosis, or a primary thrombosis. It is not always possible to decide which is present, but most published series suggest that embolism is much the more frequent. In my own series no less than 90 % of arterial occlusions were embolic. Emboli mostly come from clots in the left auricle in cases of myocardial infarction or mitral stenosis, but occasionally they come from an atheromatous aorta. Primary thrombosis occurs in arteries already diseased, the usual lesions being atherosclerosis, thromboangiitis and periarteritis.
The results of mesenteric embolism depend mainly on its level. The external anastomoses of the superior mesenteric are so poor that, when the artery is blocked near its origin, infarction of almost the whole small gut and part of the large gut is inevitable. A few heroic resections of this huge infarcted area have been successful, but I believe that in the future the main hope for such cases will lie in embolectomy or endarterectomy. Fortunately the embolus more often lodges lower down, either in the main artery after it has given off some of its intestinal branches or in one of these branches. A rich anastomotic field is provided by the arcades in the mesentery, and experiments have shown that the blood pressure in these arcades has to fall very considerably before they cease to function. One would, therefore, not expect infarction to follow in such cases, and yet it does. For this there are several reasons. In my thesis (Cokkinis 1926 ) the blame is put on a secondary thrombosis spreading from the embolus through the arcades to the terminal vasa. I still believe this to be an important reason, but it is not the only one. As long ago as 1875 Litten claimed that the superior mesenteric functions as an end-artery, in spite of the richness of its in-ternal anastomosis. When an artery is blocked by an embolus an intense spasm may set in beyond this point and for a time obliterate the artery and its branches. Anyone who opens an abdomen within a few hours of the lodging of a mesenteric embolus may be surprised to find no visible signs of infarction. The gut is not even congested; on the contrary it may look pale and crumpled, not because it is the site of that extremely rare phenomenon, an anemic infarct, but because the pulseless arteries in the mesentery are in spasm. Another important result of mesenteric embolism is a spasm of the ischemic gut itself, which, although showing no peristalsis, may feel firm and contracted. This spasm of the gut wall has been proved to occur in animal experiments and is mentioned by several authors (e.g. de Muth et al. 1959 ) and undoubtedly it must increase the isch,emia. After some hours both the intestine and its arteries relax and blood can re-enter the occluded territory, but by this time irreparable damage may have been done and the reopening of the arterial channels only adds to the congestion and the heemorrhagic phenomena which are so characteristic of the stage of infarction now reached.
All this has an important bearing on the operative treatment of early cases of mesenteric embolism. It is easy for the surgeon to fail to realize that infarction is pending and he may -close the abdomen and so make the patient's death more certain. Or he may remove what he thinks is all the non-viable gut, without realizing that isch2emia or thrombosis may still be spreading well beyond it, to be later dismayed by a breakdown of the anastomosis or by the need for further resections (or the death of the patient) because of extending infarction and gangrene.
Venous Occlusion
Venous occlusion from thrombosis presents quite a different picture in the early stage. The course is gradual, there is no vascular or intestinal spasm, and the morbid process is a heemorrhagic infarction from the start. There is great engorgement with blood which extravasates into the wall of the gut and its lumen, into the mesentery, which becomes cedematous, and into the peritoneum. The chief causes of venous thrombosis are portal obstruction and pylephlebitis from a septic lesion in the abdomen or pelvis, although polycythemia and blood dyscrasias are occasionally responsible. In a small group of cases no cause is found. Although venous thrombosis usually presents a less dramatic and slower pathological and clinical picture, when infarction occurs the results are almost as disastrous as those of arterial occlusion. Intestinal infarction ends in paralytic ileus, bacterial gangrene, peritonitis and death.
There is considerable variation in the symptoms, signs and course, and not a few cases present an atypical clinical picture. But in most it soon becomes obvious that we are confronted with a very acute abdominal emergency and that surgical intervention is urgently demanded. In most cases a clinical diagnosis is possible if the condition is thought of. Of the cases in my series, the diagnosis was made in only 14 %, should have been made in 24% more, and might have been suspected in another 20%.
The most characteristic symptoms are hvmorrhagic, but these do not occur until infarction is present. Htmatemesis was reported in 26% of my cases and in 28 % of Wilfred Trotter's series (Trotter 1913) .
Melena occurs in about one-third of the cases, but blood collects in the intestine in nearly all of them, and can sometimes be evacuated by a diagnostic enema. (In one of my patients two pints of blood were passed after the enema.) Even in the absence of external blood, symptoms of internal haemorrhage (e.g. great pallor, restlessness, coldness, faintness, air hunger) are often present and the hemoglobin may be markedly diminished. A high leucocytosis (30,000-60,000) occurs later and means that gangrene has started.
Treatment
The treatment of mesenteric vascular occlusion is operative. A few diagnosed cases have been treated medically with anticoagulants, and some of these have recovered, but it is scarcely ever possible to be certain that the lesion is present without opening the abdomen. Medical treatment is only justified when the patient is too ill to have a chance of surviving the operation. The operation is performed as soon as possible and resuscitatory measures are started while the patient is being prepared. When there is evidence of loss of blood a transfusion can be commenced on the table.
The abdomen is opened with a free paramedian incision and if blood-stained fluid escapes one can expect to find infarcted gut. A quick search will show if infarction is present, and every experienced surgeon will recognise non-viable intestine when he sees and feels it. Having done this, the need for resection is unquestionable and the only doubt that remains is how much of the intestine and mesentery to resect and how wide of the infarcted area to go. Much has been written about this, but in my view there is only one criterion: resection must stop only where the mesenteric arteries pulsate and the gut wall spurts blood on section. It is quite true that post-operative mortality increases with the length of gut removed, but when this is non-viable the surgeon must either resect widely or lose his patient. It is always wise to put a drain down to the anasto-mosis, and the possibility of extension of thrombosis and necrosis should be kept in mind. Antibiotics and modem methods of anesthesia and parenteral feeding improve the chances of recovery. Whether or not to use anticoagulants after resection is a problem. They should help to arrest secondary thrombosis, but several cases of severe bleeding have been reported after their use (Holsey 1958) .
It is when. one is fortunate enough to operate on an early case, i.e. before infarction has started, that real difficulties arise. Such a case will most probably be an arterial embolism, and the surgeon's first thought may well be -'shall I look for an embolus and try to remove it?' But what are the alternatives and what should be done if an embolus cannot be found or the operator does not feel competent to deal with it? When it looks as if a relatively small segment of gut is affected, resection of this with a wide margin is the right procedure and in such cases anticoagulant therapy should follow. But when appearances suggest that a very large portion of the intestine is involved there would seem to be two possible lines of treatment. One is to undertake a heroic resection of intestine which as yet seems viable, a difficult decision to make. The other is to close the abdomen, give anticoagulants, and reopen it a day or two later (Ogilvy 1959) . It may then be found that some or most of the intestine has completely recovered, and that a smaller segnent than was at first expected has become non-viable and requires resection. This-could apply to venous thrombosis as well as to arterial occlusion. In all cases the danger of later extension of ischaemia and necrosis should be kept in mind, and the abdomen should be reopened if deterioration of the patient's condition suggests this. Olsen & Lockwood (1960) report a case in which four separate resections for spreading infarction were done in twenty three days, with ultimate recovery.
Finally, it might be pertinent to enquire to what extent modem surgical methods have improved the results of operation for this lethal disorder, cases of embolectomy and endarterectomy being excluded. Without resection the mortality is still not far below 100%. After resection the recovery rate has improved from about 40% in the first quarter of this century, to about 60% in cases operated on in the past twenty years. Although not exactly spectacular, this improvement should encourage us to aim at still better results in the future.
Mr G E Mavor (Aberdeen)
Superior Mesenteric Artery Occlusion
Traditional treatment of superior mesenteric artery occlusion which has entailed either resection of the gangrenous bowel or anticoagulant therapy or both, has been attended by high mortality (Moore 1941 , Forty 1957 , Berman & Russo 1950 . Over the past ten years the mortality in a series of 67 cases seen at Aberdeen Royal Infirmary was 89-5%.
The main cause of this high mortality may have been the failure to regard this disease as a vascular emergency. In fact, up to the present time, little attention has been paid to the pathological background of midgut ischiemia and the possibilities of direct arterial surgery have not been fully explored. Restoration of blood flow to ischeemic bowel must often be the best therapy, provided such treatment can be undertaken before the changes in the bowel are irreversible. Whether this is possible depends not only on the technical feasibility of direct arterial surgery, but also on early diagnosis. The possibility of the latter demands more careful appraisal of the clinical picture, with a view to diaghosis before the onset of abdominal signs indicating infarction of all layers of the bowel wall.
Anatomical andPathological Considerations
The superior mesenteric artery commonly possesses a main trunk which terminates by trifurcating. Usually the only branches of this main trunk are the middle colic artery arising near its termination and several jejunal branches arising from the distal aspect of the main trunk (Fig 1) . Occlusion of the main trunk at any point leads to infarction of the whole midgut loop. If, however, the occlusion is distal, the escape of one or more jejunal branches may maintain viability of the proximal jejunum, while patency of the middle colic artery preserves the distal midgut. Main trunk occlusion is in our experience five times more common than peripheral occlusion. In the latter cases, because of of the available free collateral circulation, the ischtmic bowel may recover or, at worst, gangrene will be of limited extent.
It is important to stress the end-artery nature of the blood supply of the midgut. Although several cases have been reported where the bowel survived occlusion of the main trunk of the superior mesenteric (Chiene 1869, Owen & Rob 1956 ), the anatomical arrangements in these circumstances are generally such that the collateral circulation is inadequate, and the blood flow to the bowel critical. This anatomical fact is the major contraindication to any conservative regime of therapy employing anticoagulants and antibiotics. The use of anticoagulant drugs has not reduced mortality in this disease and because of the anatomical and pathological considerations is unlikely to do so. In the face of main vessel occlusion gangrene of the bowel is for all practical purposes inevitable. It seems probable that the only cases likely to survive with conservative management are the cases of peripheral occlusion: such cases cannot be exactly diagnosed except at laparotomy. It is well recognized that thrombosis secondary to atheroma is a more common cause of occlusion than embolism; in the present series, 42 cases were the result of thrombosis, and 24 the result of embolism (Table 1 ). In embolism, atrial fibrillation is usual and the sudden onset of abdominal pain in the presence of a fibrillating heart should always point to the possibility of mesenteric artery occlusion from an embolus. Although some cases may be terminal and associated with cerebral, renal, and other peripheral embolic episodes, nevertheless, within this group, particularly in the younger age range with a well-compensated heart, are the most favourable cases for emergency vascular surgery entailing embolectomy. Much depends on early diagnosis and the avoidance of a conservative regime.
The cases of mesenteric thrombosis represent the more difficult group. The pathological lesion is usually atheromatous narrowing or occlusion of the main trunk of the artery or less commonly, stenosis or thrombosis of the origin due to atherosclerosis of the abdominal aorta. Frequently, the latter group is associated with extensive atherosclerotic disintegration of the arterial tree in general and the coronary system in particular, and the final acute occlusion of the superior mesenteric artery represents a terminal episode initiated by cardiac decompensation. In all, 9 of the 42 cases of thrombotic occlusion come into this group. In these, surgery is contra-indicated.
Careful post-mortem studies in 15 cases have confirmed the findings of Carucci (1953) showing that here, as elsewhere, atherosclerosis is usually restricted to the main trunk of the artery, and the peripheral branches are, at least for a time, free of disease or thrombosis.
The pathological considerations suggest that usually there is a surgical possibility of dealing with the occlusion and restoring blood flow to ischimic bowel.
The ClinicalPicture
The clinical picture traditionally stresses the development of abdominal signs which are indicative in most instances of peritonitis due to bowel wall necrosis. Possibly too, the usual conception of this emergency is one of severe pain associated with catastrophic vascular collapse, the duration being a matter of a few hours. There is, however, no certainty as to how often this is the case, a circumstance which would preclude any possible surgery. In this series, only 4 cases of the 67 were in a state of peripheral vascular collapse when first seen. The pathological process of narrowing which must precede occlusion in the cases of thrombosis secondary to atheroma suggests that premonitory symptoms may occur, and it would appear that careful history taking will often reveal such symptoms (Dunphy & Whitfield 1940) . In fact, chronic midgut ischemic symptoms may present a characteristic though uncommon sydrome, the main features being stndial pai ltered bowel habit and weight Ssalongwi-te presence of occult blood in the stool-s and intestinal malabsorption (Mavor 1959) .
In other instances, symptoms may lead on directly to the acute illness. In such cases, where there is no history of chronic midgut ischaemia, it seems clear that many patients have abdominal pain over twenty-four hours and 70% for over twelve hours before admission to hospital (Table 2) . Table 2 Mesenteric infarction: duration of pain before admission to hospital (67 cases) Cases 0-3 hours 1 3-6 hours 9 6-12 hours 9 12-48 hours 20 2-7 days 13 1-2 weeks 4 2 weeks+ 11 1S/I,/bo _ 6
As regards the acute attack there is little doubt that pain is the outstanding symptom. It is generallyof sudden onset, situated in the epastrij or umbilical region and constant in character.
Not only is there often considerable delay before admission to hospital, but just as often more delay after admission to hospital. This is due to the fact that in the early stages there are no abdominal signs, and in the absence of such signs, there is delay in clinical diagnosis. In other words the delay in clinical diagnosis may be due to the desire to await the development of abdominal peritoneal signs, which indicate infarction of all layers of the bowel wall. A more rewarding appraisal of the clinical picture may be the recognition that the main feature of this disease is the sudnoset of r osat abdominal pain aTs-citted with vomitin but without abdominal signs. an such a s bloody diarrhoea, bloody vomiting and vascular collapse are no help in early diagnosis as they are signs which indicate to a greater or less degree infarction of the bowel wall (Table 3) . (Mavor et al. 1961) indicates that even with short periods of occlusion of the superior mesenteric artery, the serum glutamic oxalacetic transaminase (S.G.O.T.) rises (Fig 2) . This confirms the work of Larson et al. (1959) Clinically we have confirmed that the estimation of this enzyme can be a valuable guide in diagnosis, although, as yet, there is inadequate information with which to judge its reliability. It may be raised in such cases to a much greater extent than in other abdominal emergencies, such as acute pancreatitis.
Operative Management
In cases ofembolism there is no technical problem, arteriotomy and embolectomy presenting few difficulties. However, the position is more complicated in cases of atherosclerotic occlusion. So far, thrombo-endarterectomy or thrombectomy has not proved an adequate or even safe procedure. Commonly, endarterectomy has to be carried out indirectly from below the site of the occlusion, the latter often being in the initial part of the main trunk. It has proved unsafe to estimate the adequacy of endarterectomy on the basis of immediate restoration of good blood flow. In the present series in 5 instances rethrombosis in the immediate post-operative period has been shown by post-mortem dissection to be due to incomplete endarterectomy despite apparent satisfaction of technique expressed at the initial procedure. In one further instance, endarterectomy has led to damage to the aortic intima at the origin of the superior mesenteric artery and as a result extensive dissection in the aortic wall. There is also the fact that anatomical variations in relation to both cceliac axis and middle colic artery increase the hazards of such a procedure. Despite these objections arterial thrombectomy or thromboendarterectomy remains in most instances the most feasible procedure. However, the problem of operative technique is far from solved. It may prove safer to restore blood flow by the use of a bypass autogenous vein graft from the right common iliac artery through the mesentery to the distal aspect of the main trunk of the superior mesenteric. This is simpler than transection of the vessel and reimplantation into the aorta (Mikkelsen 1957). The management of the bowel and the systemic disturbances after restoration of blood flow present many problems. In regard to the systemic disturbances, the elevation of the serum transaminase is an index of the intracellular damage occurring. Experimentally, even with short occlusions of the artery in the dog, after restoration of blood flow, the portal venous and systemic venous potassium and sodium levels rise significantly. Although this is to be expected, the degree of the rise is often considerable (Fig 2) . There is little clinical information available in this regard; in the present series two patients died in cardiac failure in whom the bowel had recovered and in whom high serum potassium levels existed.
After restoration of blood flow to ischemic bowel the problem of bowel recovery presents itself. If the bowel recovers quickly and completely there is no problem. Unfortunately, this is seldom the case. In view of the vascular arrangement ischxcmia will often have been most intense in the mid to distal ileum, the 'great-toe' of the midgut, and even with early occlusions this segment always represents a potentially infarcted zone. Shaw & Maynard (1958) recommend a secondlook procedure, particularly if clinically indicated by the patient's post-operative course and abdominal signs. But on many occasions a second operation for the purpose of bowel resection may represent a grave surgical hazard for the patient. There is little doubt that further experience and study is required both in relation to the systemic results of restoring blood flow to ischiemic bowel and in regard to the management of the bowel itself. Some of these may be solved by the employment in this field of regional perfusion techniques.
Mr H H G Eastcott (London) said that this treacherous form of acute abdominal illness, with its paucity of signs making diagnosis difficult and therefore early operation unlikely, still posed problems even at laparotomy. In one patient the operative findings on the third day of the disease were inconclusive, yet within two days he had become collapsed with renewed pain and prostration, vomiting large amounts of thin, altered blood, and finally presenting two hard swellings in the mid-abdomen. He was reopened and three black segments of small gut were resected. As often happened it was uncertain whether the arteries or the veins were responsible, for the affected areas were so swollen. The fact that this man recovered suggested that the arteries were not primarily involved, as in phlegmasia cerulea dolens or venous gangrene of the leg, for arterial ischaemia in the midgut loop was generally massive and irrecoverable by the time discoloration had developed. The illness in this case had followed a coronary thrombosis, and was itself complicated by a pulmonary embolism.
Should a stenosis of the superior mesenteric artery be operated upon when discovered incidentally on aortography or at laparotomy? They had seen how serious were the results of occlusion of the artery at its upper portion, and knew that thrombo-endarterectomy sometimes failed. The lesion might cause no symptoms at all even with complete occlusion, provided the process was very gradual, but if the picture was presented as by Mr Mavor, and the patient was not too fat, arterial reconstruction was indicated.
Mr Hermon Taylor (London) said that Mr Cokkinis had mentioned the difficulty due to widespread vasospasm in the mesenteric vessels caused by the thrombosis whereby the area of necrosis of the gut became more extensive. In the lower limb he had always supposed that vasospasm after impaction of an embolus was a sympathetic reflex. If the situation with the mesenteric vessels was analogous, reflex vasospasm and gut necrosis might be reduced by infiltrating the base of the mesentery with procaine as soon as the diagnosis of mesenteric occlusion had been made.
Mr Donald Barlow (London) referred to 2 cases of his, one of which was reported to the Section in November 1960 (Barlow, 1961, Proc. R. Soc. Med. 54, 161) , in which interference with the blood supply of gut contributed to or resulted in granulomatous lesions resembling Crohn's disease.
